Reducing Noise and Distortion in a Receiver System 



DESCRIPTION 

(Parol) Related Application 

The present cpplioal-ion is relol-edtotheoo-pendngcppilccil-lon entitled, "Hig|-i 
Qder Trcns-irrpedcnoe Filter \A/ith a Sln^e Cperoi-lond Anpllfler", naming as 
Inventas CHANDRA et d, filed on even doi-e here^th, aftane/ dcxJ<el- number: Tl - 
38003, serld numlDer: UNASSI QMED, aid Is inoDrporai-ed In Its entlrel-y hereMth. 

(Para2) Background of t tie I n vent I on 

(Para 3) Field of the I nvention 

(Para 4) The present invention relal-es to oommuniocit-ian systems, oidmae 
spedflodly to a mei-hod aid cppaal-us to reduce ndse aid dstatlon In a receiver 
system. 



(Para 5) Related Art 

(Para 6) Receiver systems (ag, wirdess a wired systems) receive sigids from 
vaious sources, end process the received signd to recover the infamal-ion enocxted 
in the received sigids. In generd, osigid of interest (eg, encodngthe 
infanncil"ion) is present in a frequency bend of Interest of the received sigids. T he 
received sigids typicdiy dso contdn unwcnted sigids outside of the frequency 
bend of Interest. 



(Para 7) Thesignds of interest (\A/hen received ol- receiver systems) ae often 
week duetofodas such es dstenceloetween atrensnritter (sendng thesignds) 
end the receiver, the strength with which thetrensmitter generctes thesignds, etc 
Such a week signd needs to be crnplified with filtering loefae processing, of leest to 
CN/dd the effed of strong Interference signds, which ha/e frequendes ecjaoent 
(dose) to the frequenc/ Ixnd of Interest. 



(Para 8) I n generd, receiver systems perfam vaious operaflons such cb 
emplificcil-ion end filtering to cmplify the week signds of Interest end to rerrxve the 
remdning unwcnted signd components. The generated emplified signd of Interest 
is provided fa further processing Due to the operations (emplificeifion end 
filtering), theeffed of interference signd rrx^/ loe a/dded. 



( Para 9) Such operoHons generdly need to be Implennented while meeting 
vaious oiqjedives. One such oipjedive is to minimize/o^dd introdudion of eddtlond 
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noise (into the sigid of interest). Ndse refers tocn undesirddesignd oorrponent 
introduoed dong witin (a into) tine signd of interest, end is often famed/introduoed 
iDy oonnponents \A/hid-i perfam the operol-ions. 



(Para 10) Another oiojedive while perfamingsudn operol-jons is minimize/a/dd 
introdudion of cddtiond dstation. In generd, \A/hen the input signd is subjed to 
operol-ions sudn cs cmplifiocil-ion, there needs tobeolinea response (eg, seme 
cmplifiocil-ion foda during cmplifiocit-ion operation). Deviol-ions from the linea 
response (a cny desired response, in generd), is referred to cb dstation. By 
minimizing the dstation, the resulting (orplifiecD signd would ocxural-ely represent 
theinfamal-ion in the signd of interest. 



(Para 1 1) One source of sudn dstation (non-1 ineaity) is thenon-linea 
dnacd-eristics of components sudn cs transistas. Fa example, trcnsista dips the 
peck vdtcge of the received (a cmplifiecD signds if the vdtcge swing is lage. 
Howa/a, a lage vdtcge swing is desircble to reduce the effed of ndse, and a low 
vdtcge swing is desirdde to redjcB dstation. 



( Para 1 2) Whof is thaefae required is a mefhod and cppaofus to reduce both 
ndse and dstation in receiver systems. 

(Para 13) Brief Desaiption of the Drawings 

(Para 14) The present invention will bedesaibedwith refaencetothefdicwing 
ccrnirpcnying d-OA/ings. 

( Para 1 5) Figure (Fig.) 1 is a blod< dcg-an of an excmple reodva system in which 
sevad cspeds of the present invention ae Implemented. 

( Para 1 6) Figure 2 Is a drcult dcgan illustral-ing the defdls of a mixa In one pria 
ermbodment. 

(Para 17) Figures Is a drcult dcgan illustral-ing the defdls of afllta drcult In 
one pria ennbodment. 

( Para 1 8) Figure 4 is a logod dag cm illustrafing the ndse/dstation caused by 
the combinol-icn of the mixer of Figjre 2 end filter drcult of Figure 3 in en 
embedment. 

( Para 1 9) Figure 5A is a drcult degem implemented in single-ended mode 
lllustrcil-lng the defdls of a combnol-ion of a mixa end a fllta drcult In en 
ermbodment of the present Invention. 

( Para 20) Figure 5B Is a drcult dagam Irmplermented In dffaentid rmode 
illustral-ing the defdls of a cormbnal-lon of a mixa and a fllta drcult In en 
ermbodrment of the present invention. 
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(Para 21) Figure 6A is adrcuit dcg-ori inrplemented in sin^e-ended mc^ 
iiiustral-ing tine defdis cf a seoond ader filter drcuit in cn embedment of tine 
present invention. 

( Para 22) Figure 6B is a drouit dog-cm irrplemented in dfferentid mode 
illustrol-ingtlnedel-dls of o seoond ader filter drouit in cn emioodment of tine 
present invention. 

(Para 23) Figure? is ogrcph illustrofingtheimpedcnoechaacl-eristics of a seoond 
ader filter with the f rec^jenc/ vdues shOA/n on X-ckIs end the input impedcnoe 
vdue shown on Y-exis in en embedment of the present invention. 

( Para 24) Figure 8 is a geph oompaing the ndse ehaed-aisties of embedments 
of pria at with the exemple embedments oooadng to vaious espeets of the 
present invention. 

( Para 25) Figure 9A is a drouit deg-cm illustral-ing a genad fam of the filter 
drouit in sin^e-ended mode oooadng to cn cspect of the present invention. 

(Para 26) Figure 9B is a drcuit dcg-cm illustrafing a generd fam of the filta 
drcuit In dfferentid rrxxfe oooadng to cn csped of the present Invention. 

(Para 27) Figure 9Cls adrcuit Illustrafing a rrxxiflooflon to the dffaentid drouit 
of Figjre9B which prcN/ldes adeslgia rrxxe design chdces In achieving desired 
filter ehaocferistics. 

(Para 28) Figure 10 is ogcph illustrating the feecbock fccfa vdues oarespondng 
to vaious input irmpedcnoe vdues in oneembodment. 

( Para 29) I n the d-QA/Ing, like refaence numbas genadly Indoofe Identiod, 
funcfiondly simila, cnd/a strudurdly simila dements. Thed-OA/Ing In which cn 
dement first cppeas is Indoofed by the leftrrxDst dgt(s) In the oarespondng 
refaence numba. 



(ParaSO) Detdled Desaiption 
(Para 31) 1. Overview 

(Para 32) Areoeiva system oooadng to cn CBped of the present Invention 
oontdns a mixa which dcNA/n-oonvats a received sigid Into cn Intamedafe sigid 
with the frequency bend of Intaest oentaed of a Icwa frequenc/ then thaf of the 
received sigid, end prcvicles the Intamedafe sigid In the fam of dedric current. 
A filta then opaafes on the Intamedafe sigid In the fam of dedric current to 
remcve the unwanted Intafaence signds. 



(Para 33) As mixas ccn belnnplerrientedtogenaeifelntarinedeifesignds of high 
current swing end flltas ccn be Implennented to process such signds, the effed of 
cny ndse Introduoed by filta ocn be reduoed (sinoe the ndse oorrponent ma/ be a 
smdl In rrxagiitude oonnpaed to the hi^ current swIngD. I n cddtlon, the vdtcge 
le^ds of the outputs of trenslstas In mixas ocn be ensured to be lew in spite of the 
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high aurrent la/ds. As the trcnsistas generdly operol-e lineal y ol- low vdtcge 
lo/ds, lowdstation mcy dso be obl-dned Duetothelowdstation, ahi^ 
cmplifiodion foda ocn be used in generd-ing the intermedd-esigids, further 
enhcndng the ndse irTmunity. 



(Para 34) In cddtion, duetogenerd-ion d^theintermedd-esignds in the farm 
dedric current, the effedive vdtcge la/d a/en in the presence of strong 
interference si gids, ocn bemdntdnedtobelow. The filter drcuits ocn then be 
designed to filter the interference signds, cb wdl cb provide cmplif led signds of 
interest in vdtcge donndn. As strong interference sigids ae not cmplified in the 
vdtcge dcrmdn, the cd'ive oormponents in filter drcuits mo/ be provided input 
sigids \A/ith lew vdtcge levds. Due to the linecr operol-ion of adive oomponents al- 
low vdtcge levds, cmplified sigids of Interest rrxy be generafed without bdng 
cffeded by cny strong Interference sigids. 



(Para 35) In cn embodment desaibedbdcw, the filter drcuit Is deslg-iedto 
generofe cn cmplified signd in the vdtcge cbrdn. I n such cn embodment, the 
unwonted Interference sigids ae removed by the filter drcuit befae prcvldng the 
cmplified sigid in the vdtcge domdn with a hl^ vdtcge swing Since the 
Interference sigids ae not cmplified In the vdtcge domdn, even strong 
Interference sigids rrxy not cffed the infarrxtion In theslgids of Interest. 



( Para 36) Valous cspeds of the present Invention ae desalbed bdcw with 
reference to cn excmple probem. Severd cspeds of the Invention ae desalbed 
bdcw with reference to examples fa lllustraflon. 1 1 should be understood thof 
numerous spedficdetdls, rdol-ionships, end mefhods aesef fath to provide a full 
understcndng of the invention. Cne skilled in the rdevcnt at, howler, will recdiy 
recognize thai- the invention ocn be prodiced without one a mae of the spedfic 
dej-dis, a with other mel-hods, el-c I n other instcnoes, wdl-known strudures a 
operol-icns ae not shown in defdl to o/dd obscuring the invention. 



(Para37) 2. Receiver System 

( Para 38) Figure 1 Is a block dcg-cm of reodver system 1 00 illustral-ing cn 

example system in which the present invention mcy be impiemented. Fa 
iiiustrai-ion, it is assumed thai- reodver system 100 is implemented within oWirdess 
Lood Area Nefwak (WLAN) Reodva. Howeva, reodva system 100 ocn be 
implemented In ofher devioes (wirdess cb wdl cb wire-bcBed oommuniocil-lons) cb 
wdl. 
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(Para39) Reoeiver system 100 is shc^A/n oontdning lew ndseoirplif^ 110, 
mixer 120, filter drouit 160, end cndog to dgtd converter (ADQ 170. Ecch 
blod</stcge is desaibed in further defdl bdcw. 



(Para 40) LNA 1 10 receives signds on pol-h 101 end amplifies the received sigids 
to generoi-e a oorrespondng cmplified signd on pd-h 112. Fa example, in wirdess 
systems, thesignds thai- aetrcnsmittedfromsafdlites, el-c mo/ be received by cn 
cntenno (not shown) end the received sigids a e provided on poi-h 101. The 
received signds wo/ be week in strength end thus amplified by LNA 1 1 0 fa furtha 
processing 



(Para 41) IVixa 120 rrx3/ be used to ctown-cxxivat the received cmplified signd on 
poj-h 1 1 2 into cn intamedoi-e signd with the frecjuenc/ bend of interest centaed ol- 
Q Iowa frequenc/ then the cxrria frequency of the received signd. I n cn 
embodment, a signd with the frequency bend of intaest centaed of 2.4 GHz 
(caria frequency) is convated to aslgid with the frec^jency bend of Intaest 
centaed a!" zao frec^jency. 



( Para 42) Mxa 1 20 mo/ receive the cmplified signd on pal-h 1 1 2 end a signd of 
fixed frequency on pofh 122 cb inputs, end provides theintarmedofesigid on pofh 
1 26. T he signd of fixed frequency on pofh 1 22mci/ be genaofed by a phcse 
locked loop (nof shewn) In a known wcy. 



(Para 43) Filta drcuit 160 mcy oarespond to alow pcss filta which diows the 
desired lowfrec^jendes end r^eds dl otha unwcnted hi^ frequendes present in 
the signd received on line 126. T he filtaed signd, which contdns the frequency 
bend of intaest, is provided on pofh 1 67. ADC 1 70 oonvats (scmples) the filtaed 
signd received on pofh 167 toaoarespondngdgtd vdue, which represents the 
signd of Intaest In received signd 101. LNA 1 1 0 end ADC 1 70 rrxy be Irrplemented 
in a known wcy. 



( Para 44) It mcy be noted thai- some of the components (fa excmple mixa 1 20 
end filta drcuit 160) desaibed cbove mo/ introduce ndse end dstation in 
received signd 101, which Is undeslrcbe. 



( Para 45) An csped of the present invention reduces such ndse end dstation in 
thereceiva systems by hcN/ingmlxa 120 previde the intamedofe signd to filta 
drcuit 160 In the fam of dedric current (CB opposed to In vdtcgedoTidn). In 
gonad, cn output signd (hae, Intamedol-e signd) would be deemed to be 
genaofed In the fam of dedric current If the pacentcge of dncnge/swing of the 
mcgnltude of dedric current (of the output signd) Is (substontldly) rrxxethcn the 
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peroentcge cf chcnge cf the mcgnitude cf the vdtcge la/el (of the output signd) 
fa the seme chcnge in cn input signd. 



( Para 46) 1 1 mo/ be hdpful to first understcnd the ctetdls of a pria mixer end 
fiiter drouit, \A/hich does net indudeonea nrore features of the present invention. 
Axordn^y, pria mixer is desailoed iDelcw first \A/ith refer enoe to Figure 2. 



(Para47) 3. Prior Mixer 

( Para 48) Figure 2 is a drouit dcgrcm illustrating the detdls of a mixer in one pria 
embodment. IVIxer 200 is sho\A/n oontdning NIVIC6 trcnsistas 210, 220 end 230, 
end resistas 240 end 250. Eedi oomponent is desailoed loelew. 



(Para 49) noted cbove, mixer 200 converts input signd received on path 201 
into en intermedol-e signd with the frequency bend of interest centered at a lower 
free^jency then that of the input signd. Such a conversion rra/ be perfamed by 
multiplying the input sigid with a fixed frequency signd as is well known In relevant 
ats. Therrxnner in which the rrxjitipiiootion operation is perfamed Id/ the drouit of 
Figure 2 is desaiioed ioeiew. 



(Para 50) Trcnsistas 210, 220 end 230 together operate to generate currents on 
paths 225 end 234, with each current representing the Intermedatesigid with a 
frecMency bend of interest oentaed at a iewa frequency (0 in one embodment). 
T he currents ae generated Ixsed on input signd 201 end the fixed frequenc/ 
signds received on paths 202 end 203. Thesignds on paths 202 end 203 aeseme 
in magnitude end opposite in phese. T he rrxnner in which the intermedate signd 
mey loe generated is desailoed loelcw. 



(Para 51) Trensista 210 receives input signd 201 on the gate ter mind end 
provides a current (on path 21 1) which is propationate to the vdtcge level of input 
signd 201 . Such en operation rrxy ioeattdned by implementing trensista 210 to 
operate as a current source. 



(Para 52) Trcnsistas 220 end 230 receive a fixed frequency signd on the 
respedivegateterminds 202 end 203. Trcnsistas 220 end 230 a e turned on/off 
bcsed on the vdtcge la/d of signds 202 end 203 respedivdy. Since signds 202 
end 203 ae opposite in phase, when one of trcnsistas 220 end 230 is turned on, 
the other one is turned off. hen trensista 230 is on, current on path 234 ec^jds the 
current on path 21 1 end when trensista 230 is off, no current flows on path 234. 
T haefae, it mey be noted that the current on path 234 is contrdled by signd 203 
(whidn oontrds the opaation o trensista 230) end signd 201 (which oontrds the 
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current on pol-h 211). Similaly, the current cn pci|-h 225 is CDontrdled by signds 202 
end 201. 



( Para 53) As a result, the currents cn pcil-hs 225 end 234 represent the 
multipliocil'ion of input signd 201 \A/ith the fixed frec|uency signds 202 end 203 
respedively. Howa/er, the frec|uency of the currents on paths 225 end 234 depends 
on the frequency of input signd end the fixed freeiuency signd. 



( Para 54) I n en ennbodment, eedi cf signds 202 end 203 is in the farm of a 
seiuere woK/e fa eese of converting the input signd into the intermedeil-e signd. A 
seiuae wa/e mo/ loe viewed es oontdning multiple freeiuendes of sine wcN/e signds. 
As Q result, the current cn pol-hs 225 end 234 contdns the internnedat-e signd with 
multiple sine wcve signds cf dfferent hamcnlcfrequency cx)mpcnents indudngthe 
frequency component (the component of interest) representing the dfference of 
the ccrrier frequency of the input signd end the fundementd frequency of the fixed 
frequenc/ sigid (pcihs 202 end 203). 



( Para 55) I n the excmple embedment noted doove, the inter medoi-e signd is 
generoi-ed with a lower freqjency equding zero by seleding the frequency of 
signds 202 end 203 ec^ding the center frecfjenc/ (the frequency eif which the 
free^ency bend of Interest is center ecD of input signd 201 . 



(Para 56) Resistas 250 end 240 respedively convert electric currents 225 end 
234 i nto cor r es pond ngvdtcge signds, which aerecfjired to interface with apria 
filter drcuit (desaibed in sections below). The intermedafe signd on pafh 299 Is 
provided in the fam of eledricvdtcge to a filter drcuit. Thedesaipficn is 
continued with reference to a pri a filter drcuit. 



(Para 57) 4. Prior Filter Qrcuit 

( Para 58) Figure 3 is a drcuit deg-em iilustrafing the detdis of a filter drcuit in 
one pria embedment. Filter drcuit 300 operafes cb a second ader low pcss filter 
(LPF) end is shown oontdning cperal-icnd cnrplifier 310, resistas 320, 330, 340, 
end 350, end ccpedtas 360 end 370. Eedn conrponent is desaibed below. 



(Para 59) Cpaal-icnd emplifia 310 receives the signd on path 31 1 ai- invating 
input tamind throu^ the path oontdning resistas 320 end 330. The non- 
inva ting input tamind 312 is conneded to gound to provide sin^e ended 
opaaj-icn. Cpaal-icnd emplifia 310 emplifies the signd of invating input tamind 
31 1 end provides the errplified signd cn output path 399. 
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( Para 60) Resistas 320, 330, 340 end 350, end ocpcdtas 360 end 370 togefher 
fam a second ader low pess filter drouit to dlow only the free^jenc/ bend of 
interest end r^ed" dl other freqjmo/ oonrponents in thesignd received on path 
299. Thus, filter drouit 300 mo/ r^ect the unwonted interference signds in signd 
299 end provides the filtered signd on peiTh 399. 



( Para 6 1 ) /^suming thai- the resistenoe of resistas 320, 330, 340 end 350 ee^jd 
R4, R2, Rl end R3 respedivdy, end ocpodtencES of ocpedtas 360 end 370 ee|ud 
C2 end CI respedivdy, thetrensfer fundion (H(s)) of filter drouit 300 is given by 
eeMotion (1) bdow, wherdn '*' end'+' respedivdy represent multipliocition end 
eddtion aithmeHcopereitions, end 's' represents jw in Lepleioe Dorrxan. 



ms) = ^ rT—r-R £quation(l) 

^4 i + sC, (R,+R,+^ + ^) + s' ■QC.R.R, 

( Para 62) 1 1 rrxy be observed thai" the gdn of the filter drouit depends on rofio 
R3/R4. However, resistas R3 cndR4, dongwith ctha resistas (Rl, R2) introduce 
ndsein thesigids of intaest. The problems with pria mixa 200 cndpria filter 
drouit 300 ae desaibed bdow with refaence to Figure 4. 



(Para63) 5. Problems with Prior Embodiment(s) 

( Para 64) Figure 4 is a drouit degrcm oontdning a logod view of oombinai-ion of 
mixer 200 end filter drouit 300 in en embodment. Cnly some of the components in 
mixer 200 end filter drouit 300, cb rdevcnt toillustrol-etheprobems ae shewn in 
drouit 400. I n paticula, vaious ocpcdtas (which rrxy cthawise be present) ae 
nof shown, end thus the logod dcg-on represents a drouit opaafing of low 
frequendes. Even thou^, the cndysis thof would be rrxxte bcsed on the logod 
dcg-cm ma/ nof provide axural-e results, the results wae empiriodly found to be 
within 10-15% aoourccy. 



(Para 65) IVlxa 200 is shown oontdning resista 240 end current source 440. 
Current source 440 represents the current (ln_nnix) due to ndse components in 
mixer 200. Filter drouit 300 is modded cb operating at a low freeiuency end thus 
ocpedtas 360 end 370 ae not shown. 1 1 ma/ be noted that resistas 320, 330, 340 
end 350 ae conneded in a sta feshion (oonneded to a single dedriod node) end 
the ddta ee^jivdent (oontdning resistas 420 end 430) of the resistas is shown in 
Figure 4. Aooadngly, thevdues of resistas 420 end 430 respedivdy represented 
by Ra end Rb ae given by Ee^jd-ions (2) end (3) bdow. 

(Para66) Ra= R2+(R4IIR1)+ R2(R4IIR1)/R3 Eeiuafion (2) 

(Para67) Rb= R2+R3+R2R3/(R4IIR1) Eeiueifion (3) 
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( Para 68) wherein ' 1 1' represents padld oonned-ion between resistas cf 
oorrespondng resistcnoe vdues on bol-h sides of ' 1 1' . Fa ©<cmple4i^ I Ri equds 

R/Ri/(R4+Ri). 



( Para 69) Vdtcge sourcB 450 represents the ndse introduced Id/ operd"iond 
cmplif ier 3 1 0. T he output vdtcge on pofh 399 due to ndse components in drcuit 
400 is given by ecMOI-ion (4) bdow. 




.Equation(4) 



(Para 70) wherdn Rl represents the resistcnoe of resista 240, l< is Bdtzrrxn' s 
oonstcnt (well known in therdevcnt ats), cndT is cmbent/room temperofure in 

cbsdute/Kelvin soda 



( Para 7 1 ) 1 1 mo/ be cppredofed thai- Equafion (4) hcB three components 
sepaoi-ed by the + signs, end first component, second component end third 
component respedively represent the ndse vdtcges due to mixer 200, cperol-icnd 
cmplif ier 300 end resistas in filter drcuit 300.lt rrxy be noted thaf thesigid on 
pofh 299 is in the fam of dedric vdtcge end resista 420 (Ra) converts vdtcge 299 
into the oarespondng dedriccurrent fa proper operaficn of filter drcuit 300. Ra 
needs to be lage to interfaoe with mixer 200 (which prcvieles a signd in the fam of 
vdtcge on pofh 299) since a low vdue of Ra mcy ocuse locdng effed on mixer 200 
resulting in (undesircbie result of) redudion of vdtcge levd of vdtcge 299. Ahi^ 
vdue of Rain turn inaecBes the ndse levd since sa/ad resistas in a filter drcuit 
mcy dso need to be soded up carespondn^y. 



(Para 72) T he ral-io Rb/Ro represents the gdn of filter drcuit 300 of Figure 4, which 
is fixed bcsed on the gdn rec^jirement of the filter drcuit of the spedf ic operol-ion 
time instcncB. Therefae, by observing oomponents 2 end 3 of Equal-ion (4), it mcy 
be observed thaf the ndse due to operd-iond amplifier 300 end resistas in the filter 
drcuit is emplified by the gdn of the filter drcuit, further resulting in inaeeseof the 
ndse when a hi^er gdn is sou^t, which is undesirebe. Hence, one problem with 
pria filta drcuit 300 is the introdudion of ndse in the filtered sigid pra/lded on 
pafh 399. 



(Para 73) T he ndse due to resistas ccn be reduced by redudng the resistcnoe 
vdues of resistas 420 end 430. However, to rrxantdn the desired respcnse of the 
filta, the redudion in resistcnoe vdues requires en inaecBein the ccpcdtence 
vdues of ccpedtas in filta drcuit 300 of Figure 3, which leads to inaecBed aea 
requirement cndfcbricaficn chdienges. Thaeis often dso a limit to which 
resistcnoe vdues ccn be reduced besed on locdng seen by mixa 200. T haefae, 
redudng resistcnoe vdues mcy net bedesirdde, af lecBt in some environments. 
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( Para 74) /^ternol-ively, the effect cf noise due to resistas 420 end 430 ocn be 
minimized lay providng a signd with a hi^ vdtcge swing on pafh 299. Due to sudi 
Q hi^ swing fa the input signd, the strengj-h of signd components ocn loe mode to 
loe substcntidly mae then the streng|-h of the ndse components, thereby ocxjsing 
the ndse due to hi^ resistcnoe vdues to be ne^igible. 



( Para 75) However, one problem with mixer 200 with the generafion of hi^ 
vdtcge swing signds on pal-h 299 is thof trcnsistas 220 end 230 of Figure 2 mcy 
provide a non-linea response while processing signds with such a high vdtcge 
swing. T he non-linea response would in turn ccuse dstation in the signd provided 
on pafh 299. The dstation in the signd wouldbewaseif mixa 200 is 
implemented to cpaai-eai- low supply vdtcges. Howler, there aesevad 
environments in which low supply vdtcges ae desirdde. Axadn^y, use of hi^ 
vdtcge swing on poi-h 299 mcy be incdequofe in some environments. 



(Para 76) Therrxnner in which one a mae of the probems withpria mixer end 
filta drcuit ocn be edd-essed aooadng to vaious eBpects of the present invention 
is desaibed below. 



(Para 77) 6. Modifying Prior Qrcuits for Low Noise/Distortion 

( Para 78) An improvement to the oombinofion of the mixer end filter drcuit is 
besed on en observoi-ion thaf a current to vdtcge oonversion end then egdn a 
vdtcge to current oonversion is pafamed in the oombinafion drcuit of Figjre 4. 
The current to vdtcge oonvasion is perfamed by resista 240, end the vdtcge to 
current oonversion is perfamed by resista 420. A current rrxxteintafooeis 
provided bel-ween a mixa end a filta drcuit aooadng to en cspect of the present 
invention, which enebes remcvd of resista 240 In mixa 200 end resista 420 in 
filta droult 300. By removing resista 420 (which Is a source of the ndse), ndse 
introduced by the filta droult ocn be reduced. 



( Para 79) I n oddtion, cs current on pofh 234 is drectly provided to the filta 
drcuit, the requirement of lage vdtcge swing on pofh 299 mcy be diminol-ed. T he 
ebsenoe of lage vdtcge swing on pofh 299 reduces dstation In the signds of 
Intaest. Thus, lew ndse end lew dstation ocn be oftdned by using a current rrxxte 
Intafaoe between the mixa end the filta droult (cb desaibed with exemples 
belcw). 



(Para 80) Heweva, remcvd of resista to prevlde current rrxxte Intafaoe In filta 
drcuit mcy reeiuire redesign of the filta drcuit of lecst to meet vaious paemefas 
(Q-fecta, frequency response, efc) cb deslrcde. 
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(Para 81) T he redesign ma/ need to td<e into (xoount ether requirements cs well. 
Fa example, cn ided ajrrent rrxxte input drouit (i.e., filta whidi receives the 
Qjrrent input) hcs tooffa zao input irrpedoioe. ADoadngly, it is desirdoleto 
impiement the filta drajit (oi- lecst a first stcge of the filta drouit) with a low input 
impedoioe to reoeive current from the mixa. Example mixa-filta drcuits whidn 
meet sorme of sudn requirerments ae desaibed below in furtha detdl. 



(Para 82) 7. Combination of iVIixer and Fiiter circuit 

( Para 83) Figure 5A is a drouit dcgrom illustral-ing the defdls of a oormbinol-ion of 
mixa Old filta drouit implermented fa sin^e-ended rmode of opaofion in oi 
embedment of the present invention. Mxa-filta drouit 500 is shown ooitdning 
mixa 591 aid filta drouit 592. IVixa 591 is shown oontdning NMCS troisistas 
510, 520, aid 530, aid current sources 540 end 550. Filta drcuit 592 is shown 
antdningocpcdta 560, resista 570 end opaofiond omplifia 580. Eati 
oormponent is desaibed belcw. 



(Para 84) IVixa 591 is cssurmed to opaofefrom input 1 12 end filta drouit 592 is 
essurmed to opaoi-e from input 126 genaoi-ed by mixa 591. Thus, theoambinai-ion 
of mixa 591 end filta drouit 592 ocn be used in place of the combinaHon of mixa 
120 end filta drouit 160 of Figure 1. As noted ebo^e, rmixa 591 convats input 
sigid received on pofh 1 1 2 into cn intarmedafe sigid in the fam of dedric 
current with the frequenc/ bend of intaest centaed ol" a Icwa free^jenc/ then thai" 
of the input sigid, end provides the electric current on pafh 126. Theoonvasion 
rno/ be pafarmed by using fixed frequency sigids on pafhs 502 end 503. Sigids 
502 end 503 aesirmila tosigids 202 end 203 of Figure 2. Pofhs 502 end 503 ae 
contdned in pafh 122 of Figure 1 . 

( Para 85) Current sources 540 end 550 previde the current to set bics pdnt fa 
linea opaai-ion of trensistas 510, 520 end 530. Thermegnitudeof the current 
source mey be dei-amined aooadn^y. The defa mi nation of the rmcgnitude end 
the implermentaj-ion of current souroes will be eppaent to one skilled in the relo/cnt 
ats. Thecomrmon rmode vdtege between mixa 591 end filta drouit 592 is set by a 
common mode feed beck loop (not shewn) as is well known in relevent ats. Fa 
exemple, the comrmon rmode vdtege is set to bicB current sources 540 end 550, end 
opaotiond emplifia 580 optimdiy. 



( Para 86) Cne tamind of eedn of current sources 540 end 550 is connected to 
supply Vdd end the otha tamind of eedi of current sources 540 end 550 is 
connected to the d'dn tarmind of trensistas 530 end 520 respectively. Trensistas 
530 end 520 receive fixed frequency sigids on the respective gate tarmlnds 502 
end 503. The source taminds of each of trensistas 530 end 520 is connected to 
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thectdn termind cf trcnsista 510. Trcnsista 510 receives input signd 1 12 on tine 
gd-eternnind end tiie sour cb termind of trcnsista 510 is conneded to Vss a 
ground. 

(Para 87) Trcnsistas 510, 520, end 530 of mixer 591 operat-esimila totrcnsistas 
210, 220 end 230 of Figjre2. Fa oondseness, tlnedesaiption of the components is 
not repeofed. Due to tine operofion of trcnsistas 510, 520, end 530, tine current 
provided on peil-ln 534 represents intermedafesigid 126, \^^\&^ is pro/ided cb input 
to filter drcuit592. 



(Para 88) Cperol-iond emplifia 580 is shcMn \M\h inverting input termind 51 1 
oonneded to receive signd on peil-li 1 26 end non-inverting input termind 512 
conneded to Vss a ground. Resista 570 end ccperita 580 ae oonneded in 
padid loel-ween inverting input termind 51 1 end output termind of operofiond 
cmplifier 580 on pofln 167. 



(Para 89) Cperot-iond amplifier 580 receives tine signd on pofh 126 ol- Inverting 
Input termind. Non-Inverting Input tamind 512 is oonneded to gound to provide 
sln^e ended operofion. Cperofiond cmplifier 580 emplifies tlie signd of inverting 
input termind 51 1 end prcN/ides tine emplified sigid on output pofli 167. 



(Para 90) Resista 570 end ccpedta 560 togeflier fam afirst ader lew pcBS filter 
to dlow only the frequenc/ bend of Interest end r^ed dl frequeno/ components 
other then the f rec^jenc/ bend of interest in the signd received on path 126. By 
epproprial-esdedion of theoomponent vdues of resista 570 endocpcdta 560 
besed on the desired oaner frecjuenc/ (which sepaofes the frequency bend of 
Interest from the frequenc/ oonnponents sou^t to be r^edecD, unwonted 
interference sigids mo/ be reeded effedivdy. 



(Para 91) Thus, filter drcult 592 mey r^ed the unwented Interferences I gids in 
signd 126 end provides the filtered signd on path 167, which contdns the 
free^jenc/ bend cf Interest centaed of Icwa frequenc/. Fllta drcult 592 provides 
filtered slgid 167 in the fam of dedricvdtegee^en though the Input signd 
received on pofh 1 26 is in the fam of current. 



(Para 92) noted ebove, filter drcult 592 needs to provide zero Input Impedenoe 
fa current mode intafooe. 1 1 rrxy be obsaved thof the input impedenoe of fllta 
drcult 592 Is zao/lcw since no cormponents ae present between pofh 126 end 
invating Input tamind 51 1 . Thus, fllta drcult 592 pafams flltaing opaeil-lon on 
intamedofe signd 126 received in the fam of dedric current. 
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( Para 93) 1 1 ma/ be ncted that" resistas (such cb 420 of Figure 4) ae elimiriafecl 
in fiiter drouit 592, tiius tlie rioise introduoed Id/ filter drcuit 592 is reduced. The 
output vdtcge (Vn^) on poi-h 167 dueto vaious noise components in drcuit 500 is 
given b/ ecMol-ion (5) below. 

= iLmix^f J + vl^^p + ^kTRf £quation{5) 

(Para 94) wherein Rf represents theresistcnoevdueof resista 570. 



( Para 95) 1 1 mo/ be cppredal-ed from ecfjofion (5) that ndse due to operafiond 
cmplifier 580 end resista 570 is not cmplified end thus the ndse is reduced 
oompaed to the ndse of Figure 4 as gven with equafion (4) cbove. 



( Para 96) Further, the effed of ndse (due to filter drcuit 592) ma/ be redjoed by 
inaecsingthecmplifiocil-ion fada of mixer 591 since the current on pafh 126 ocn 
be cmplified substcntidly. a result, the effed of ndse on the lage current signd 
1 26 rrx^/ be recLced. I n oddtion, cLe to the current mode interfaoe between mixer 
591 end filter drcuit 592, vdtcge swing of intermedal-esig-id 126 ocn be kept snndl 
end thus dstation due to non-linecrity of trcnsistas in mixer 591 rrxy be reduced. 



(Para 97) P\so, strong interference signds mcy not affed the process ingot signd s 
of interest sincB strong (in vdtcge domdn) interferenoe sigids ae not further 
cmplified in mixa 591 befaeprovidngintamedofesig^d 126 tofilta drcuit 592. 
However, filtered signd 167 is provided with lage vdtcge swing (cb desircbefa 
the operafion of ADC 1 70), which contdns only sigids of interest. 



(Para 98) Figure 5B represents the filter drcuit 500 of Figure 5A, implemented in 
dffaentid mode. Resista 593 (opaoflng in oonrplementing position to resista 570 
fa dffaentid opaol-ion) cndccpcdta 594 (opaafing in complementing position to 
ocpcdta 560) ae shewn added to provide the dffaentid mode of opaafion. In 
cddtion, the dffaentid inputs 581 end 582 (genaafed by mixa 591) rrx^/ be 
viewed cs logodly contdned in pafh 1 26 of Figure 1 . T he output sigids 598 end 
599 ma/ be viewed as logodly oontdned in pafh 167 of Figure 1 . 



(Para 99) It rrxy be noted thai- filta drouits of Figures 5Acnd5B ae single ada 
filtas, which mcy not provide shap frequency chaadaistics af cutoff frequenc/ to 
r^ed intafaencesignds. Theintafaencesignds due the dosence of such shap 
frequoicy chaadaistics ccn gef amplified end presented af the output of filta 
drcuit 592. Aooordn^y, atrcns-irYpedcncefilta drcuit of hi^a ada, which 
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o/eroomes some cf such problems, is desaibed below \A/ith refer enoe to Figures 6A 
cnd6B. 



(Para 100) 8. Second Order Trans -impedance Filter Qrcuit 

( Para 101) Figure 6A is a drouit dcg-cm illustrd-ing the del-dls of a seoond 
ader trcns-impedcnoe filter drcuit irrplemented fa sin^e-ended operofion in cn 
ennbodment of the present invention. Filter drouit 600 is assumed to operofe from 
input 126 generofed by rrixer 591 of Figure 5A Thus, theoombinafion of mixer 
591 end filter drouit 600 ocn be used in place of the oombinal-lon of mixer 1 20 end 
filter drouit 160 of Figure 1 . Filter drouit 600 is shown oontdning resistas 610 end 
620, ocpcdtas 630 end 640, end operafiond emplifier 650. Each oomponent is 
desaibed below. 



(Para 102) Intermedafesig-id 126 is shown provided to inverting input 
termind 651 of operoi-iond amplifier 650 viaresista 610. Cneendof ocpedta 630 
is oonnecj-ed to receive the intemnedoi-e signd on path 1 26 end the other end is 
oonnecj-ed to Vss/ground. Resista 620 is oonnecfed between path 1 26 end output 
termind 167 of operationd emplifier 650. Cqoedta 640 is oonnecfed between 
inverting input termind 651 end output termind 167 of operationd emplifier 650. 



(Para 103) Cperationd emplifier 650 receives input sigid 126 on path 651 on 
the inverting input termind, es noted ebove. The non-inverting input termind 652 Is 
oonnected to gound to provide sin^e ended operation. Cperationd emplifier 650 
empllfles theslg^d at invating input tamind 651 end provides the amplified signd 
on output path 167. 



(Para 104) Resistas 610 end 620, ocpedtas 630 end 640 together fam a 
seoond ader lew pess filta drouit to dicw only the free^jenc/ bend of intaest end 
reject dl otha frequenc/ oomponents in the signd received on path 126. Thus, 
filta drouit 600 nrxy r^ect the unwonted intafaenoesigids in signd 126 end 
provides the filtaed signd on path 167. 



(Para 105) The input signd 126 to filta drcuit 600 is in the fam of dectric 
current (lin)endfiltaed signd 167 is in the fam of electricvdtage(Vo). /^suming 
that the resistance of resistas 610 end 620 equd R end Rf, end ocpcdtenoes of 
ocpcdtas 630 end 640 equd CI end C2 respectively, the tronsfa function of filta 
drouit 600 is gven by equation (6) below. 
V Rf 

— = z .Equationio) 

4 l + sC2-(Rf+R) + s^-C,C2RfR 
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( Para 1 06) 1 1 ma/ be noted from equal-ion (6) thaf the transfer fundion 
oontdns ' % term, which represents seoondader filter. It m^ be further noted thai- 
the transfer fundion (Ec|ucil-ion (6)) of filter drcuit 600 is simila to the transfer 
fundion (EaMafion (1)) of filter drouit 300. Thus, filter drauit 600 operal-es as a 
seoond ader low pass filter (LPF), which pro^des shaper frequency chaaderistics 
then a sin^e ader filter cb is well knoA/n. Filter drcuit 600 ocn be implemented to 
operal-e in dfferentid rrxxb dso, cb desaibed bdcw with reference to Figure 6B. 



(Para 107) In oompaison to Figure 6A the drcuit of Figjre6B oontdns 
resista 660 (operafing in oompiementing position toresista 610 fa dffaentid 
operd-ion), resista 680 (opaafing in oonnplennenting position to resista 620), 
ocpcdta 680 (operol-ing in oompiementing position to ocpadta 630) end ocpcdta 
670 (operol-ing in oompiementing position to ocpcdta 640) in oddtion. The input 
signds 581 cnd582 aecBSumedtobegenaol-edb/ mixa 591 of Figure5B. The 
output signds 691 end 692 rrxy be viewed cb logodly oontdned in pafh 167 of 
Figure 1. 



( Para 1 08) Filta drcuit 600 offas lew input IrTpedcnoe to pre^/icle 

current mode intafooe to mixa 591, in spite of the presence of resista 610. Af lew 
frec^jendes, the impedcnce is nealy zao beocuse the ocpcdtas 630 end 640 cb 
not oondjd cny current, end thaefae the current thd flews through resista 610 is 
(dose to) zao., duetovirtud ground of the opaol-iond cmplifia on invating input 
termind 651. Howa/a, at intamedafefrequendes the input impedcnoe depends 
on the ocpcdtas 630 end 640, cs these oondud some current. Thus, the input 
impedcnoe depends on the frequenc/ of the intamedal-e sigid 1 26 (a 
combnal-ion of 581 end 582). Hcweva, it is still lew compaed to the embodments 
of Figure 3, cb desaibed in furtha detdl belew with refaenoe to Figure 7. 



(Para 109) 9. 1 mpedance Characteristics 

( Para 1 1 0) Figure 7 is a graph illustral-ing innpedcnoe chaad-aistics of 

example embedments of filter drauit 600 of Figures 6/V6B (line 71 0) end filta 
drcuit 300 of Figure 3 (line 750), with the frequenc/ vdues shown on X-ckIs end 
input impedcncB shown on Y-ckIs. 1 1 mot/ be obsaved thaf the input irrpedcnoe of 
filta drcuit 600 is genadly lewa then thof of filta drcuit 300 fa simila 
frequendes, by oompaing lines 710 end 750. 



( Para 111) In one embodment (desaibed in furtha del-dl in sedion 1 0 

below), peck input irrpedcnoe (i.e., rrxxi mum vdues on lines 750 end 710) of filta 
drcuits 300 end 600 respedivdy equd 600 ohms end 450 ohms. Mefrics such as 
CK/aege would mae aocural-dy refled the ad/cntcges of vaious CBpeds of the 
present invention. T he a/aege vdue from line 7 1 0 would be substentidly lewa 
then thai- of line 750, representing the benefits of the ennbodment(s) represented 
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by Figure 7. I n one embodment, the a/ercge input impedcnoe of filter circuits 300 
end 600 respectively ec|ud 250 ohm end 650 ohms. 



(Para 1 12) Line 710 represents thechcngein input impedcncevduefa 

vaious frequendes. 1 1 mo/ be noted thai- the input impedcnoe vdue is moKimum at- 
one frequenc/. T he frequency oorrespondng to rrxjdmum input impedcnoe vdue is 
referred to cs the corner frequenc/ (cutoff frequenc/) end is shown b/ 701 , which 
dfferenticil-es the frequency bend of interest from the undesirebe frequendes in the 
received signd. 



(Para 1 13) Thechcngein input irrpedcnoeis cLe to ocpodtas 630 end 

640 CB the impedcnce vdue of ocpcdta 630 depends on the frecfjenc/ of input 
signd received on pdh 1 26. It rTx>/ be observed thof the input impedcnoe vdue 
d-ops sulostcntidly low fa freqjendes other then fa the corner frequenc/, 
espeddly in frequency bend of interest. 



( Para 1 1 4) It met/ be eppredofed thof a/en thou^ the input impedcnoe 

chenges with the frequenc/, the vdue of the input impedcnoe is low oompaed to 
the input impedcnoe of filter drcuit 300 of Figure 3. However, it mey be noted thai- 
the input impedcnce of filter drcuit 592 of Figjres 5/V5B is low (dmost zero) end Is 
Independent of the frequenc/ of input sigid 1 26 to the extent operoflond empllfier 
580 is ided. 



(Para 1 15) Thedesaiption is continued with resped tooompaison of 

ndse chacd-eristics (befween thepria embodments endtheembodments 
provided oooordng to vaious cspeds of the present invention, desaibed cbove) 
with refaence to Fi^re 8 bdow. 



( Para 1 1 6) 10. Comparison of Noise CharacTeristics 

(Para 1 1 7) Figure 8 is ag-eph illustrafing ndse chacd-eristics with the 

frecfjenc/ vdues shown on X-ckIs end the oarespondng ndse powa spedrd 
density (PSD) (representing dstribution of ndse powa ova afrec^jenc/ bencD 
shown on Y-ads. Lines 810 end 850 represent the ndse ehacdaistics of filta 
drcuits 300 end 600 respedivdy (in one emiDodment). 



(Para 118) It mey be obsaved thai- both lines 810 end 850 aeshov\/n 

deaecBing in ndse vdue with the inaeese in frequenc/. How^a, line 810 is 
shOA/n with lew ndse vdue then line 850 fa eny spedfic frequency of opaofion. 
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( Para 119) In one ennbodment, mixer 200 is impiemented with a DC 

locid of SOOolnnns, end filter drouit 300 is irrplennented with a oorner frec^jenc/ of 
1 1 .5MHz (Mega hertz), pde-Q of 0.64 end the do gdn of 1 2dB, the oomponent 
vdues of filter drouit 200 found to be R2=750ohnns, R3=6Kohnns, R4= 1 .Skohms, 
cl = 19.1 pF (piooFacds), C2=2.2pF, cndRl is CBSumedtobeopen drcuitedfa 
sirTplifiocil"ion of thecndysis. It is observed thai- mixer -filter oombinol-ion of Figure 4 
(pria ennbodments) with the docve oomponent vdues lecd to a ndse figure 
(prcvidng a mecBure of the deg-cdafion in the signd to ndse rofio, cb is well 
known in the relevcnt ats) of 4.5cB. 



(Para 1 20) Hcwe\/er, theoombinofion of mixer 591 end filter drcuit 600 

ocn be irrpiemented to meef the pcrcmefers noted cbcve with the oomponent 
vdues of R=500 ohms, Rf=4k ohms, CI = 19.8 pF cndC2= 4.8 pF. It is observed 
thof the oombinofion lecds to a ndse Figure of 3.3cB, whidi is cn improvement in 
theredudion of ndse of 1 .2cB. Thus, filter drouit 600 of Figjres 6/V6B oooordngto 
cn CBped of the present invention provides low ndse PSD then filter drouit 300 of 
Figure 3 in one pria embodment. 



( Para 121) It rrxy be cppredofed thof vaious rrxxifiocil-ions mo/ be 

nncde to the drouits of Figures 6A end 6B, without depating from the soope end 
spirit of vaious cspeds of the present invention. Thedesaiption is oontinued with 
resped to a genad filta strudure, oooadng to cn csped of the present invention. 



(Para 122) 11. General High Order Filter Qrcuit 

(Para 123) Cne limitofion of the drouits of Figures 6Acnd6B is thai" the 

trcnsfa fundion is oonstrdned to loe cn dl-pde trcnsfa fundion. An dl-pde 
trcnsfa fundion is one whae the numaafa does net ha/e cny "s" tams, end is 
henoe frequoicy independent. Anumba of useful filtas (fa excmple Ellepticd 
filta), well-kncwn to one skilled in rdevcnt ats, ocnnot be synthesized with this 
limital-ion. 



( Para 1 24) Figure 9A is a drouit dcg-cm illustrating the detdls of a 

genad hi^ ada filta drouit 900 provided aooadng to cn csped of the present 
invention. Filta drcuit 900 ocn be used in plaoe of filta drouit 1 60 fa the 
synthesis of mae genad doss of filtas. Filta drcuit 900 is shown oontdning 
resistas 910, 915, 920, end 990, ocpadtas 930, 935, 940, 960 end 995, end 
opaationd cmplifia 950. Ecdi oomponent is desaibed bdow. 



(Para 125) T he oombi nation of resistas 910 end 91 5 oonnededin 

sales, couples the input signd reodvedaf node 901 (on pafh 126) totheinvating 
input tamind of opaafiond cmplifia 950. Resista 920 is oonneded between the 
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cytput termind of operot-iond cmplifier 950 end node 901 . Ocpcdta 940 is 
oonneded across the output termind end inverting input termind of operol-iond 
cmplifier 950. GqDcdta 960 is oonneded between the jund-ion of oonnedion of 
resistas 910 end 9 15, end the output termind of opereil-iond emplifier 950. 



( Para 1 26) T he oombinoi-ion of ocpedtas 930 end 935 oonneded in 

series, is oonneded befween the inverting input termind of operol-iond emplifier 
950 end node 901 . Resista 990 is oonneded between thejundion of ocpedtas 
930 end 935, end ground. Gcpedta 935 is oonneded between gound end the 
jundion of resistas 910 end 9 15. 



(Para 127) I n en embedment, each of ocpedtas 930 end 935 hes a 

ocpedtencB megnitude eeiuding C, end ocpedtas 925 end 960 respedively hoN/e 
ocpedtenoe of 2k( 1 - e)Cend2kGS (the four fadas bang multipliecD. Resistas 
910, 915, end 990 respedively hoN/e res istenoe of R, R endkR/2. T he (f eeeback) 
ocpedtenoe of ccpedta 940 is represented by Q end the resistcnoe of resista 920 
is represented by Rf . With these vdues end convention, the trensfer fundion of 
filter drouit 900 is gven by EeMafion (7) belcw: 

V RAs^C^kR^ + \) 

= ^ z r- Equation{l) 

/,.„ l + Aji' + Aji' +A35 

Wherein, 

A, = IRCkX + 2RCf + IRfCkX + R^Cf 

A2 = 2RfRCfC{k + 1) + R^C^k + IC^CR^k + IR^RC^kX 

A3 = C^CfR^Rfk 

( Para 1 28) 1 1 mey be observed that filter drcuit 900 provides a third 

ader trensfer fundion in the denominafa. Hcwa/er , it ocn be shown thai- the third 
(red) pde is usudly of a rrxjch hi^er freeiuenc/ then the two complex pdes fa 
typiod vdues. Axadn^y, in prodice, the drcuit of Figure 9A pro/ides second 
ader fiita ehaaderistics. 



(Para 129) Simila to in Figure 6B, the sin^e ended eppr each of Figjre 

9Accn be extended to dfferentid impiemental-icn cb well, end the carespcndng 
drcuit is depided in Figure 9B. I n oompaison to Figure 9A Figure 9B contdns 
resistas 9 10- A 9 15- A 920- A end 990- A ocpedtas 930- A 935- A 940- A 960-A 
end995-A end pafhs 126-Aend 169-Ain eddtion, which respedivdy provide the 
corrplementay operafion to resistas 910, 915, 920, end 990, ocpedtas 930, 935, 
940, 960 end 995, end pofhs 126 end 169, cb required fa the dfferentid cperaficn. 
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(Para 130) Thepacmel-er vdues k cnde, cndtherol-ioQ/Cocn be 

vaied to cdnio/e the desired oorner frec^Jenc/ end pdeQ-foda. The 
oorrespondng oomponent vdues ocn be cpproxinnd-dy odouloted by igiaing the 
term of Ec|ucil-ion 7), a sdved excd-|y using oomputer prog cms in l<nown wo/s. 
T he oonfigurd-ion of Figure 9B lecds to a positive vdue of e Another csped of the 
present invention enddes a negd-ive vdue of e to be d-tdned, thereby prcMdng 
g-ed-er didoes to a designer in oi-tdning desired filter dnaoderistics cb desaibed 
below \A/ith reference to Figure 9C 



(Para 131) Figure 9C is simila to Figure 9B exoepi- thai- atermind of 

ocpcdta 960 is oxineded to non-inverting output tamind 1 69-A (instecd of 
inverting output termind 169 cb in Figure 9B) end the ter mind of ccpodta 960-Ais 
conneded to inverting output termind 1 69. Due to such a configurafion, a negofive 
vdue fa e is oftdned, cb would be cppcrent to one skilled in the rela/cnt ats. 



( Para 1 32) In cddtion, if e = 0 (remo/ing ocpcdta 960 from Figjre 

9A), cs ocpcdtas 930/935 end resistas 990/910 ae removed, thetopdogy of 
Figure 9A (98) reduces to thetopdogy of Figure 6A (98) (with cn extra ocpcdta), 
consistent with thestofement thof thedrcuit of Figure 9A (98 cnd90 represents a 
genad topdog/ from which the topdogy of Figure 6A ocn be derived 



(Para 133) Aso, thetopdogies of Figure 6A end Figure 9A (98 cnd90 

operofecB ided trcns-irrpedcnceconfigurd-ions of lew frequency of input signds. 
I n cddtion, it rrxy be obsaved from Figure 7 thof the input irrpedcnoe eKhibits a 
bcnd-pcBS trcnsfa fundion of hi^ frequendes, which pecks of thecana 
freciuenc/ (701) of thefilta. 



(Para 134) To provide ided trcns-irrpedcnoe configurafion, the input 

impedcnce of the filta has to be lew even af hi^ frequendes. The desired lew 
input impedcnoe mcy be obtdned by redudng the rofio of the resistcnoe vdues of 
resistas 610 to 620 in filta drouit 600 of Figure 6, end redjdng the rofio of the 
resistcnoe vdue of resistas 910 end 915 to 920 in filta drouit 900 of Figjre 9. 
Howo/a, such redudion in rofios would ocuse a oarespondn^y reduoed feecbock 
foda, cs mcy be cppredofed from the bdow equofions (8) end (9), thof ae 
presented only fa filta drcuit 600. As is wdl known, feecbock foda of cn 
opaofiond cmplifia is defined cb the pacentcge of signd thof is fed bock in the 
negofive feecbock oonfigurafion. A reduoed feecbock fada reduces the effedive 
bcndwidfh of the op-enrp, which mekes the drcuit mae sensitive to op-emp non- 
idedities. 



(Para 135) 

(8): 



The input irrpedcnoe of filta drouit 600 is gven by Equafion 
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...Equation(8) 



'" \ + sC^{Rf+R) + s'^Cfi^RfR 

(Para 1 36) Thefeecbock fcctCT cf filter drcuit 600 is given Id/ Equal-ion 

(9): 

1 r 

...Equation(9) 



P \ + sC^{Rf+R) + s'C^C^RfR" 

(Para 137) By observing EquaHons (8) cn (9), it ocn be cppredal-ed thai" 

the input irrpedcnoe end feecbcd< fccta of filter drouit 600 follows a bcnd-pcss 
trcnsfer fundion. The rTX3<irTXjm vdues of these pcrcmel-ers ae present al- the 
oorner frec^jency, cs gven by the below ec|ucii-ions 10 (fa input impedcnoe) end 1 1 
(feecbcck fcd-a): 



^'«lmax " " Equation{\Q) 

= 1 + (1 + ^) £quation{\ 1) 



(Para 138) By excmining Figure6, it mcy be noted that the tr ens - 

impedcncB of the drouit is determined by resista 620. But the input impedcnoe is 
determined by the padlel oombination of resista 620 end 610, cs noted in 
ecMotion (10) ebove. So, fa a gven trens-impedenoe, to reduce the input 
impedcnoe resista 610 should be reduced. Howeva, such a reduction in the 
resistenoevdue of resista 610 would result in deaecsed feecbed< feda, cs seen 
from equation (1 1). This is en undesirebeeffed. 



( Para 1 39) Figure 1 0 illustrates the feecbcd< feda vdues (Y-ciKis) fa 

oarespondng input irrpedcnoe vdues (X-ckIs) in oneemlDodnnent. It mcy be 
genadly obsaved that the feectxxk feda reduces with a redudion of the input 
impedcnoe vdue. Howeva, it is genadly desirebe to ha/e o hi^ feecback feda 
end low input impedcncB. Thus, dependng on the rec^jirements of thespedfic 
situation, a oompromise needs to be attdned between the oonfliding requirements, 
end a designa rrx^/ choose oarespondng pacmeta vdues. 



( Para 1 40) From the ebcve, it rrxy be eppredated that, filta drouits of 

Figures 5A 5B, 6A 6B end 9 provide lew input irrpedcnoe, which is desircble fa 
current mode intafacB. N, o result of the current rrxxte intafaoe between mixa 
120 end filta drouit 160, the need fa lagevdtcge swing on path 126 is 
diminated, which results in improved lineaity (reduced dstation). I n eddtion, due 
to the current mode intafaoe to filta drouits of Figures 5A 5B, 6A 6B, end 9 the 
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need fa some resistas is elimincil"ecl, \A/hich results in reducj-ion in noise in tine 
signds cf interest. 



(Para 141) 12. Conclusion 

( Para 1 42) Wiiile vaious embodments cf \he present invention ha/e been 
desailDed cbcve, it sliouid be understood tliol" tliey licN/e loeen presented by wo/ of 
excmpie oniy, end not iinnitcil"ion. T lius, tine l3recdl"ln end soope of tlie present 
invention shouid not be iimited b/ cny of tine cbcve desailoed e<emplay 
ennbodments, Ixit shouid be defined oniy in oooordcnoe \fJ\\h tine fdicwing ddms 
end their ec|uivdents. 
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